Aenv, and c are genetic elements shared with nondefective retroviruses, whereas mht is a unique, possibly MH2 transformationspecific, sequence. Hybridizations with normal chicken DNA and cloned chicken c-myc DNA indicate that the mht sequence probably derives from a normal cellular gene that is distinct from the c-myc gene. The genetic structure of MH2 suggests that the Agag and mht sequences function as a hybrid gene that encodes the p1OO putative transforming protein. The myc sequence of MH2 appears to encode a second transforming function. Therefore, it seems that MH2 contains two genes with possible oncogenic function, whereas MC29, CMII, and OK10 each carries a single hybrid Agagmyc transforming gene. It is remarkable that, despite these fundamental differences in their primary structures and mechanisms of gene expression, MH2 and MC29 have very similar oncogenic properties.
On the basis of a common nucleotide sequence termed myc, the avian carcinoma virus Mill Hill 2 (MH2) has been classified with three other replication-defective, oncogenic avian retroviruses MC29, CMII, and OK10 into the MC29 subgroup (1) (2) (3) (4) . The oncogenic properties of these viruses, in particular those of MH2 and MC29, are very similar: both MH2 and MC29 induce liver and kidney carcinomas and rarely leukemias in the animal and transform fibroblasts and hematopoietic cells in culture (4) (5) (6) (7) (8) (9) .
The transforming gene of MC29 has been shown to be a genetic hybrid composed of a partial, retroviral structural gene, Agag, linked to the myc sequence of MC29 (10, 11) . The Agagmyc gene of MC29 encodes a p110 [110 kilodalton (kDa)] transforming protein. Similar hybrid gag-myc proteins are thought to be encoded by CMII and OK10 (3, 4, 12) . Because MH2 also encodes a gag-related protein of similar size, p100 (7) , it was assumed that the MH2 p100 protein was a structural homolog of the MC29 transforming protein. Nevertheless, recent analyses have suggested that the p100 protein is not serologically related to the-myc portion of the p110 protein of MC29 (unpublished data) and that the myc sequence of MH2 may be expressed via a subgenomic mRNA (13, 14) to encode a 57-kDa protein (13 Linial (8, 13) .
Nucleic Acid Hybridizations. Southern blot analyses were performed as described (15, 16) . Oligonucleotide analyses of the MH2 genome were carried out as described by Duesberg and Vogt (1) . Heteroduplex molecules were formed by denaturing DNA fragments with alkali and renaturing in 50% formamide solution at 30°C for 30 min as described (17) .
Molecular Cloning of MH2 Proviral DNA. MH2-transformed nonproducer DNA was cleaved with EcoRI and fractionated on a sucrose gradient. The fraction containing the 6.5-kilobase (kb) fragment that hybridized to cloned MC29 proviral DNA was used to ligate to AgtWES-AB arms (18) . A population of phage produced from the ligation reaction was screened for MH2 proviral sequences as described (16 Fig. 1 , lane b, the 2.9-kb probe containing both gag and myc sequences of MC29 hybridized to two EcoRI fragments 15 and 6.5 kb in size. When the probe was dissected into gag-and myc-containing pieces, the 6.5-kb EcoRI fragment was shown to hybridize to both the gag-and myc-containing probes, whereas the 15-kb EcoRI fragment was shown to hybridize only to the myc-containing probe (Fig. 1, lanes d  and f) . Southern producer DNA revealed a 1.4-kb band that hybridized only to the gag sequence of MC29 (Fig. 1 , lane e) and a major 3.2-kb band that hybridized only to the myc sequence of MC29 (Fig.   1 , lane c). These data suggested that the 6.5-kb EcoRI fragment represented the integrated proviral genome and was cleaved by BamHI into a gag-containing 1.4-kb fragment and a myc-containing 3.2-kb fragment. The 15-kb EcoRI fragment is probably from the cellular proto-myc gene (20, 21) .
A phage library was constructed from an EcoRI digest of MH2-transformed nonproducer DNA. One plaque-purified phage was shown to contain a 6.5-kb insert, which hybridized to the 2.9-kb MC29 probe. Upon BamHI digestion, the insert gave a 1.4-kb fragment that hybridized only to the gag sequence of MC29 and a 3.2-kb fragment that hybridized only to the myc sequence of MC29.
Comparison of MH2 and MC29 Proviral Genomes. Restriction enzyme analysis. The gag-myc junction in molecularly cloned, proviral MC29 DNA is located between the two Pst I sites shown in Fig. 2b (11, 16) . The restriction pattern of the cloned, MH2 proviral DNA indicated that to the 5' side of the left Pst I site, there existed a high degree of homology between the two viruses. To the 3' side of the right Pst I site, the restriction patterns of the proviral DNAs were again almost identical up to the rightmost Hae II site, suggesting that the MH2 (Fig. 2 c and d) (16) . Two forms of hybrid molecules were observed. The linear form (Fig. 3A) (Fig. 2 c and d) . The-partial sequence of these T1 oligonucleotides was determined as described (1, 23) , and the positions of these Ti oligonucleotides in the known gag sequence of RSV (22) were identified. The numbers in Fig. 4A are the initial sequence positions in the gag gene of RSV (22 (11, 20, 21) .
Because the 3' junction of myc and proto-myc is at position 3,629 in MC29 DNA (11, 21) , the following competition-hybridization experiment was carried out to determine whether the-3'-terminal 250-300 myc nucleotides of MC29 were missing in MH2. A molar equivalent of proto-myc DNA was first hybridized with 5 molar equivalents of MH2 RNA and then with a 0.3 molar equivalent of MC29 (32p labeled) RNA. The TI-resistant hybrid was then mapped. The experiment directly confirmed that the MC29 myc oligonucleotides 3,380-3,586 in the 3' region are not subject to competition by MH2 RNA and hence have no sequence equivalents in MH2 RNA (Fig. 4E) . We conclude that MH2 shares most or all of the 5' 1.3 kb but lacks the 3' 0.3 kb of the myc sequence of MC29. Because the region that includes the 3' translation termination codon (TAG) of the MC29 myc region (11) is still included in the region shared with MH2 (Fig. 2) , it would appear that both viruses contain similar myc coding domains.
There is one MH2-specific oligonucleotide, number 4 , that was hybridized by proto-myc clone mcv3 (Fig. 4D) but was not present in MC29, OK10, or CMII virus, based on competition hybridizations (Fig. 4 B and C) and previous analyses (24) . This oligonucleotide could be at the 5' or 3' end of the mht sequence, because the BamHI-resistant mcv3 region extends about 3 kb over the 5' and 3 kb over the 3' boundary of the protomyc gene and thus includes non-myc, perhaps proto-mht, information.
DISCUSSION
We have cloned the integrated proviral genome of MH2. The size of the'DNA provirus is 5.2 kb and its complete genetic structure is 5'-Agag(l.9-kb)-mht(1..2-kb)-myc(l.3-kb)-Aenv(?) and noncoding c-region (0.2-kb)-3'. Thus, MH2 differs from MC29, CMII, and OK10 in its unique mht sequence. Hybridization with MC29, PRCII, and RSV (not shown) indicated that rnht is not related to these onc genes. However, preliminary data suggest that mht is closely related to the specific sequence of an oncogenic murine retrovirus (v-raf) (25) (unpublished data). Among the sequences shared with MC29, the 5'-noncoding and Agag region of MH2 (1.9 kb) is larger than that of MC29 (1.7 kb) (11) , and the myc region of MH2 lacks about 250 nucleotides at its 3' end compared to MC29.
A recent study (14) has indicated that the genetic structure of the MH2 genome is 5'-Agag-Aenv-rmyc-c-3', whereas the structure of a MH2 variant was thought to be similar to that kb; e, 0.31 ± 0.01 kb; f, 1.0 _ 0.10 kb; g, 1.5 ±0.14 kb. described in this report. Because the MH2 viral RNA hybridized by our molecularly cloned MH2 proviral DNA (Fig. 4B) shares several mht-specific oligonucleotides with the standard MH2 strain analyzed previously (Fig. 4 B and C; Table 1 ) (1), we feel that the genetic structure described here is that of standard MH2.
Two lines of evidence indicate that the MH2-specific sequence, mht, is derived from a normal cellular gene. First, hybridization of EcoRI-digested normal chicken DNA with the mrt sequence revealed two bands <6 kb and one band >10 kb (unpublished data). Because the chicken c-myc gene is contained in a single 15-kb EcoRI fragment (20) , it is clear that the two small EcoRI fragments that hybridized to the mrt sequence are different from the c-myc locus. Second, the 10-kb BamHI clone that contains the chicken c-myc gene as well as about 3 kb of its 5'-and 3 kb of its 3'-flanking cellular DNA (20, 21) did not hybridize to the mrt sequence, except possibly one MH2-specific oligonucleotide-i.e., number 4 (Fig. 4D) . However, further work characterizing the cellular mht prototype is necessary to delineate cellular mht and myc sequences.
Based on the genetic structure of the cloned MH2 provirus, we propose that the 5' 1.7-kb Agag region, together with about 1 kb of the adjacent mrt region, function as a hybrid gene encoding the p100 protein of MH2. plO0 is thought to be the transforming protein of MH2 (4, 7), and the finding of an rn/trelated sequence in an oncogenic murine retrovirus is consistent with this view. The myc region of MH2 appears to be part of a second viral gene. Although our data do not rule out the possibility that Agag and myc function together to encode p100 via a spliced mRNA, the following arguments favor the first proposal. 3-kb Xho I-resistant fragment of cloned MH2 DNA, which spans Agag-mht-myc (see Fig. 2 c and d) , was hybridized for 12 hr at 500C in 70% formamide containing 0.35 M NaCl and 20 mM Na phosphate with (32p labeled) RNA of avian sarcoma virus PRCII and PRCII-associated virus containing a complete gag gene. After digestion of unhybridized RNA with RNase T1, the Ti-resistant hybrid was isolated and mapped as described (20) . gag oligonucleotides were first diagnosed by their RNase A-resistant sequence and then labeled by their sequence positions in the complete gag sequence of RSV (22) 
